myristate 13-acetate 4-O-methyl ether (Parinaud et al., 1995) , The acrosome reaction is an important marker for human zona pellucida (Liu and Baker, 1994) , pentoxifylline (Tasdemir sperm function. Since different laboratory techniques may et al., 1993) and low temperature (Henkel et al., 1993) . be used for the detection of this exocytotic process, the A variety of methods for detection of the acrosome reaction purpose of the present study was to compare three common have been introduced using triple or double staining (Talbot markers [Pisum sativum agglutinin (PSA), concanavalin A and Chacon, 1980; De Jonge et al., 1989) , isothiocyano-(ConA), double staining] and transmission electron microfluoresceinated Pisum sativum agglutinin (FITC-PSA; Cross scopy for identification of acrosomal changes. Preliminary et al., 1986) FITC-PNA; Kallajoki et al., 1986; Mortimer et al., 1987) , Therefore, supravital stainings were omitted. In various chlortetracycline (Saling and Storey, 1979; Amin et al., 1996) , experiments, human spermatozoa were treated with two paramagnetic beads (Okabe et al., 1992; Ohashi et al., 1992 , concentrations (10 and 3.3 µM) of calcium ionophore 1994), Coomassie Blue (Aarons et al., 1993) , anti-acrosin A23187 for 15, 30 and 60 min after capacitation for 3 and antiserum (Tesarik et al., 1990) , mannosylated bovine serum 6 h at 37°C. The percentages of spermatozoa with acrosomal albumin (Benoff et al., 1993) , quinacrine (Amin et al., 1996 ) loss detected by fluorescein isothiocyanate (FITC)-ConA and monoclonal antibodies (Kallajoki and Suominen, 1984 ; were consistently lower than those obtained by double Wolf et al., 1985; Moore et al., 1987; Fénichel et al., 1989 ; staining or FITC-PSA, which showed comparable results. Aitken and Brindle, 1993; Chao et al., 1993) . Combined Following 6 h of capacitation and incubation with 10 µM assessment method for human sperm morphology and the ionophore for 1 h at 37°C, 25.9 Ϯ 15.7% of all spermatozoa acrosomal status was demonstrated by O'Bryan et al. (1994) , showed almost complete loss of the acrosomal content.
who used monoclonal antibodies against clusterin. This glycoBinding of FITC-ConA to the acrosomal region was protein is located within the acrosomal cap. However, electron observed in 27.0 Ϯ 13.2% of spermatozoa obtained from microscopic studies have not yet been performed to compare the same sample. FITC-ConA and double staining or FITCthe ultrastructural morphology of acrosomes with the staining PSA detect different stages of the acrosome reaction and patterns of spermatozoa after labelling with the antibodies. may be helpful for a differentiated evaluation of this sperm Triple staining and assays based on fluorescent lectins are function.
frequently used for the detection of acrosome reaction. In Key words: acrosome reaction/concanavalin A/double stain/ contrast to monoclonal antibodies which are not available in human spermatozoa/Pisum sativum agglutinin/transmission all laboratories, dyes and fluoresceinated lectins can easily be electron microscopy purchased. Transmission electron microscopy (TEM) should always be used as standard when different results are achieved by various detection methods (Cross, 1995) . To our knowledge, however, a direct comparison of results obtained by double or Introduction triple staining, FITC-PSA, FITC-ConA and TEM has not yet been performed. Since the dyes and lectins bind to different The acrosome reaction is an exocytotic process which involves multiple fusions of the plasma membrane and outer acrosomal structures of the acrosome, a comparative study seems to be important to clarify whether each method identifies the same membrane, resulting in release of the acrosomal content and exposure of the inner acrosomal membrane (Zaneveld et al., percentage of acrosome-reacted spermatozoa. For diagnostic purposes, it is important that the results from 1991). It is a prerequisite for penetration of spermatozoa through the zona pellucida and fertilization of the oocyte. different laboratories are comparable. This is only possible if the methods detect the same acrosomal events. While the spontaneous acrosome reaction is not correlated Acrosomal staining with FITC-ConA a, b, c): 61.2 Ϯ 10.2% (47-72%). After glass wool filtration, the sperm concentration was adjusted to 4.5-9.08ϫ10 6 /ml with Spermatozoa were fixed in 10% formalin solution (neutral buffered) for at least 60 min at room temperature and centrifuged at 1000 g an overall motility of 89.0 Ϯ 7.5% (80-99%).
for 5 min. Most of the supernatant was removed, and the sperm pellet
The percentages of acrosome-reacted spermatozoa obtained was resuspended in the remaining solution. In accordance with the in controls and ionophore-treated samples after staining with protocol of Holden et al. (1990) , smears were prepared on glass FITC-ConA were consistently lower than those after double slides, mounted with 150 ml of FITC-ConA (100 mg/ml PBS, staining or labelling with FITC-PSA. However, the differences pH 7.4) and processed as described for the FITC-PSA staining.
were statistically significant only in ionophore-treated samples Table I ).
plastic (Mollenhauer, 1964) were as follows: volume, 3.9 Ϯ 1.2 ml (2.7-5.0 ml); sperm concentration, 85.8 Ϯ 33.3ϫ10 6 /ml (57.5-122.5ϫ10 6 /ml);
Statistical methods
motility (WHO grades a, b, c), 51.7 Ϯ 11.6% (44-65%). After All statistical analyses were performed with the Instat V 2.01 software glass wool filtration, the sperm concentration was adjusted to package (Graph Pad Software, San Diego, CA, USA). The percentage 8.0ϫ10 6 /ml with an overall motility of 86.3 Ϯ 6.1% (81-93%).
data were subjected to arcsine transformation and statistically comThe numbers of acrosome-reacted spermatozoa after 3 or pared by one-way analysis of variance (ANOVA) using Bartlett's test 6 h of capacitation and treatment with DMSO or 10 µM percentages of spermatozoa with acrosomal loss were detected by FITC-PSA than by double stain. However, almost the same values were achieved in samples that had been treated with Results ionophore for 60 min. Consistently lower numbers of spermExperiment I atozoa with acrosomal loss were found after staining with FITC-ConA. The percentages of acrosome reaction inducibility Ejaculates (n ϭ 5) obtained from five healthy donors were examined according to WHO (1992) criteria: volume: detected by double staining and FITC-PSA were higher than the corresponding values obtained by FITC-ConA (Table II) , 4.0 Ϯ 1.5 ml (2.5-6.0 ml), sperm concentration: 100.5 Ϯ 33.8ϫ10 6 /ml (55.0-146.0ϫ10 6 /ml), motility (WHO grades although these differences were not statistically significant. The In experiment II, sperm motility was used as a marker Experiment III of cell viability. Compared to the controls, treatment of spermatozoa with ionophore for 15 or 30 min did not affect
Ejaculates from three donors [volume: 3.2 Ϯ 1.1 ml (2.0-4.0 ml), sperm concentration: 107.9 Ϯ 59.5ϫ10 6 /ml (67.5-motility after 3 h of capacitation (15 min: 84.3 Ϯ 6.4 versus 81.3 Ϯ 4.2%; 30 min: 80.2 Ϯ 6.0 versus 82.7 Ϯ 10.1%).
176.3ϫ10 6 /ml), motility (WHO grades a, b, c): 58.0 Ϯ 20.0% (45-81%)] were filtered through glass wool [overall motility: After incubation for 60 min with ionophore, motility decreased from 82.0 Ϯ 7.9 to 64.3 Ϯ 2.3% (P Ͻ 0.05). Following 6 h 76.0 Ϯ 11.1% (64-86%)] and washed twice in BWW. The sperm concentration was adjusted to 5.0ϫ10 6 /ml. of capacitation, motility after 15 min of treatment with ionophore was not reduced compared to the control (72.0 Ϯ 6.6
Experiment III reproduced the findings from the other experiments. The TEM results are shown in Table III . Labelling versus 72.7 Ϯ 7.4%), whereas motility in the test samples was with FITC-ConA achieved higher numbers of acrosome-intact FITC-ConA and double staining (r ϭ 0.8007), FITC-PSA and double staining (r ϭ 0.8403), and FITC-PSA and FITC-ConA spermatozoa than double staining or FITC-PSA (Table IV) .
In the control samples, the percentages of spermatozoa with (r ϭ 0.7863). These data demonstrated that the tendency for acrosomal change was consistent with each method, even if disrupted acrosomes or initial criteria of acrosome reaction as observed by TEM were almost 2-fold higher than those lower values were obtained by FITC-ConA. detected by double staining or FITC-PSA, and even 4-fold higher than those identified by FITC-ConA (Table IV) . After Discussion ionophore treatment, differences were markedly smaller between FITC-PSA (54.0 Ϯ 21.8%) or double staining Inducibility of the acrosome reaction is an important test (57.7 Ϯ 19.0%) and TEM (67.8 Ϯ 16.3%). However, compared for the fertilizing capacity of human spermatozoa, which is to FITC-ConA, TEM still revealed a Ͼ2-fold higher correlated with fertilization rates in IVF programmes (Calvo percentage of spermatozoa with swollen, broken or absent et al., 1994). However, stimuli of the acrosome reaction and acrosomes. The percentages of spermatozoa stained with FITCdetection methods for acrosomal loss may vary in different ConA were similar to the numbers of spermatozoa that had laboratories. The morphological changes of the human sperm almost completely lost their acrosomes as detected by TEM acrosome after treatment with calcium ionophore A23187 are (27.0 Ϯ 13.2 versus 25.9 Ϯ 15.7%). Treatment with ionophore similar to those occurring during spontaneous or physioreduced sperm viability from 77.0 Ϯ 21.0 to 27.0 Ϯ 34.7%.
logically induced acrosome reaction (Russell et al., 1979) were relatively high. (Holden et al., 1990; Fierro et al., 1996) . Therefore, labelling with ConA requires exposure of this membrane after substantial a P Ͻ 0.001 compared to the other values of the same column. b P Ͻ 0.001 compared to the other values of the same row.
loss of the acrosomal content (Holden et al., 1990) . PSA is PM ϭ plasma membrane; OAM ϭ outer acrosomal membrane. a P Ͻ 0.001 compared to the corresponding control. b P Ͻ 0.05 compared to control spermatozoa with broken PM and OAM but without substantial loss of the acrosomal content, same row. c P Ͻ 0.05 compared to control spermatozoa with broken PM and OAM but without substantial loss of the acrosomal content, same row. d P Ͻ 0.01 compared to the control. e P Ͻ 0.01 compared to ionophore-treated spermatozoa with intact acrosomes, same row. f P Ͻ 0.05 compared to ionophore-treated spermatozoa with broken or absent PM and OAM and almost complete loss of the acrosomal content, same row. g P Ͻ 0.05 compared to the control. Table IV . Comparison between the percentages (mean Ϯ SD; range in parentheses; n ϭ 3) of spermatozoa with acrosomal disruption as detected by double stain, fluoresceinated lectins and transmission electron microscopy (TEM). After capacitation for 5 h at 37°C, the acrosome reaction was induced by 10.0 µM ionophore for 60 min at 37°C known to bind to the acrosomal matrix (Cross et al., 1986;  ConA were consistently lower than those obtained by the other methods. Mendoza et al., 1992) . Complete loss of the acrosome is likely to result in an almost complete lack of acrosomal fluorescence The largest differences between controls and ionophoretreated samples were found after 60 min incubation with after FITC-PSA staining. A patchy pattern of fluorescence in the acrosomal region is expected after partial loss of the ionophore. In a recent study, three different detection methods (chlortetracycline, mannosylated and fluoresceinated bovine acrosomal matrix. The exact binding site of Rose Bengal in the acrosomal content has not yet been identified. Acrosomal serum albumin, quinacrine) for acrosome reaction were studied (Amin et al., 1996) . Depending on the method used, the staining with Rose Bengal decreases with the proceeding dispersal of the acrosomal matrix (Talbot and Chacon, 1980) . percentages of acrosome-reacted spermatozoa after 3 h of capacitation and treatment with 10 µM ionophore A23187 for To determine whether the results obtained by double staining and fluoresceinated lectins depended on the length of capa-1 h at 37°C ranged between 31 and 45%.
The corresponding values (3 h incubation, 10 µM ionophore citation or incubation and concentration of ionophore and HSA, the acrosome reaction was induced after 3 or 6 h of for 1 h) in the present study were lower (Table II) . This is probably due to inter-individual differences in semen samples capacitation at 37°C. Experiment I was similar to that performed by Byrd et al. (1989) , who resuspended the spermatozoa and may also explain the fact that in contrast to previous experiments (De Jonge et al., 1989) , treatment of spermatozoa in BWW containing 0.3% HSA prior to treatment with ionophore. Since HSA is also required to maintain sperm motility with ionophore for 15 min did not significantly increase the numbers of acrosome-reacted spermatozoa. The hypothesis of and viability, lower HSA concentrations resulted in decreased sperm viability in experiment I. Irrespective of the experimental inter-individual differences of responsiveness to ionophore is supported by a later study performed in the same laboratory design, the numbers of spermatozoa with acrosomal loss and the inducibility of acrosome reaction as detected by FITC- (Mack et al., 1990) . Following induction of the acrosome reaction by ionophore after 3 h of capacitation, no significant groups (see above). The percentages of spermatozoa with disrupted acrosomes as detected by FITC-ConA were similar differences of acrosome-reacted spermatozoa were found with triple staining.
to those showing complete loss of the acrosome in TEM. In these cases, the inner acrosomal membrane was exposed FITC-PSA and Rose Bengal (double stain) are used to indicate the loss of acrosomal matrix, whereas FITC-ConA and could easily be labelled with FITC-ConA. The results confirmed findings by Holden et al. (1990) who reported a good demonstrates the exposure of the inner acrosomal membrane. Therefore, FITC-PSA and double stain or FITC-ConA may correlation between FITC-ConA labelling and the numbers of spermatozoa with complete acrosomal loss as detected by detect different stages of the acrosome reaction. To examine this hypothesis, the acrosomal status of control and ionophore-TEM. Another interesting observation during their study was that the proportion of spermatozoa with degenerative acrosomal treated spermatozoa was studied by double stain, FITC-PSA, FITC-ConA and TEM. Talbot and Chacon (1981) and Mack loss was lower than that reported by investigators who had used other methods for detection of acrosome reaction. et al. (1990) compared the results of triple staining and TEM in frozen/thawed and ionophore-treated spermatozoa
In conclusion, FITC-ConA identifies consistently lower numbers of spermatozoa as being acrosome-reacted, because respectively. Performing TEM, Holden et al. (1990) assessed spermatozoa as being acrosome-reacted if the inner acrosomal this lectin only binds to completely exposed inner acrosomal membranes and thus detects spermatozoa with complete loss region was exposed and the equatorial segment was clearly visible. The results of TEM were compared to those obtained of the acrosomal content. Similar results are achieved by double staining and FITC-PSA, which identify spermatozoa by staining with FITC-ConA. The present study confirms that percentages of acrosome-disrupted spermatozoa as determined with partial or complete loss of the acrosomes. Clinical laboratories will obtain different percentages of acrosomeby TEM are higher than those of unstained acrosomes using Rose Bengal. Mack et al. (1990) demonstrated 1.2-to 1.8-reacted spermatozoa depending on the methods used. However, since the results of all three methods show a positive correlafold higher values obtained by TEM; they explained their results as dependent on the ability of Rose Bengal and Bismarck tion, the tendency of acrosomal changes is consistently detected by each technique. Parallel determination of human sperm Brown to identify 'true' acrosome reactions.
In the present study, the percentages of spermatozoa with acrosome reaction with FITC-ConA and FITC-PSA or double staining may be helpful for an evaluation of the various stages disrupted acrosomes as detected by TEM were higher than those achieved by the other methods (1.2-to 2.5-fold higher of the acrosome reaction. Combined use of different detection methods for human sperm acrosome reaction was also sugthan double staining; 1.3-to 2.1-fold higher than FITC-PSA; 2.5-to 4.7-fold higher than FITC-ConA). However, the absolute gested by Amin et al. (1996) . They postulated that this procedure may be helpful to differentiate spermatozoa that are numbers of all acrosome-disrupted spermatozoa as detected by TEM, FITC-PSA and double staining in ionophore-treated incapable of undergoing capacitation and those undergoing a normal acrosome reaction. spermatozoa were higher than those reported by Mack et al. (1990) . These differences can be explained by the longer period of capacitation and treatment with ionophore in the
